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ANIMAL MODELS AND THERAPEUTIC unless otherwise specified . Human nucleotides coordinates 
MOLECULES are those corresponding to GRCh37 ( e . g . UCSC version hg 

19 , World Wide Web ( www ) genome . ucsc . edu / FAQ / FAQre 
CROSS - REFERENCE TO RELATED leases . html ) , February 2009 ENSEMBL Release 55 . 37 , or 

APPLICATIONS 5 are those corresponding to NCB136 , Ensemble release 54 
unless otherwise specified . Rat nucleotides are those corre 

This application is a continuation of U . S . application Ser . sponding to RGSC 3 . 4 Dec . 2004 ENSEMBL release 
No . 15 / 018 , 670 , which is a divisional of U . S . application 55 . 34w , or Baylor College of Medicine HGSC v3 . 4 Nov . 
Ser . No . 13 / 434 , 361 , filed Mar . 29 , 2012 , which is a con - 2004 ( e . g . , UCSC m4 , see World Wide Web ( www ) 
tinuation - in - part of U . S . application Ser . No . 13 / 433 , 084 , 10 genome . ucsc . edu and World Wide Web ( www ) genome . uc 
filed Mar . 28 , 2012 , the entire contents of each of which are sc . edu / FAQ / FAQreleases . html ) unless otherwise specified . 
incorporated herein by reference . In the present invention , methods are disclosed for con 

structing a chimaeric human heavy and light chain loci in a SEQUENCE LISTING non - human mammal , for example a mouse . Reference to 
work in mice herein is by way of example only , and The attached sequence listing is herein incorporated by reference to mice is taken to include reference to all non reference . human mammals unless otherwise apparent from the dis 

BACKGROUND closure , with mice being preferred as the non - human mam 
20 mal . 

The present invention relates inter alia to non - human In one aspect the invention relates to a non - human mam 
animals and cells that are engineered to contain exogenous mal whose genome comprises : 
DNA , such as human immunoglobulin gene DNA , their use ( a ) a plurality of human IgH V regions , one or more 
in medicine and the study of disease , methods for production human D regions and one or more human J regions 
of non - human animals and cells , and antibodies and anti - 25 upstream of the host non - human mammal constant 
body chains produced by such animals and derivatives region ; and 
thereof . ( b ) optionally one or more human Ig light chain kappa V 

In order to get around the problems of humanizing regions and one or more human Ig light chain kappa J 
antibodies a number of companies set out to generate mice regions upstream of the host non - human mammal 
with human immune systems . The strategy used was to 30 kappa constant region and / or one or more human Ig 
knockout the heavy and light chain loci in ES cells and light chain lambda V regions and one or more human 
complement these genetic lesions with transgenes designed Ig light chain lambda J regions upstream of the host 
to express the human heavy and light chain genes . Although non - human mammal lambda constant region ; 
fully human antibodies could be generated , these models wherein the non - human mammal is able to produce a 
have several major limitations : 35 repertoire of chimaeric antibodies , or chimaeric light or 
( i ) The size of the heavy and light chain loci ( each several heavy chains , having a non - human mammal constant region 
Mb ) made it impossible to introduce the entire loci into these and a human variable region . 
models . As a result the transgenic lines recovered had a very In one aspect the invention relates to non - human mammal 
limited repertoire of V - regions , most of the constant regions whose genome comprises 
were missing and important distant enhancer regions were 40 ( a ) a plurality of human Ig light chain kappa V regions and 
not included in the transgenes . one or more human Ig light chain kappa J regions 
( ii ) The very low efficiency of generating the large insert upstream of the host non - human mammal kappa con 
transgenic lines and the complexity and time required to stant region and / or a plurality of human Ig light chain 
cross each of these into the heavy and light chain knockout lambda V regions and one or more human Ig light chain 
strains and make them homozygous again , restricted the 45 lambda J regions upstream of the host non - human 
number of transgenic lines which could be analysed for mammal lambda constant region ; and 
optimal expression . ( b ) optionally one or more human IgH V regions , one or 
( iii ) Individual antibody affinities rarely reached those which more human D regions and one or more human J 
could be obtained from intact ( non - transgenic ) animals . regions upstream of the host non - human mammal con 
WO2007117410 discloses chimaeric constructs for 50 stant region ; 

expressing chimaeric antibodies . wherein the non - human mammal is able to produce a 
WO2010039900 discloses knock in cells and mammals repertoire of chimaeric antibodies , or chimaeric light or 

having a genome encoding chimaeric antibodies . heavy chains , having a non - human mammal constant region 
The present invention provides , inter alia , a process for and a human variable region . 

the generation in non - human mammals of antibodies that 55 In one aspect the invention relates to non - human mam 
comprise a human lg variable region , and further provides malian cell whose genome comprises 
non - human animal models for the generation of such anti ( a ) a plurality of human IgH V regions , one or more 

human D regions and one or more human J regions 
upstream of the host non - human mammal constant 

SUMMARY OF THE INVENTION region and 
( b ) optionally one or more human lg light chain kappa V 

All nucleotide co - ordinates for the mouse are those cor regions and one or more human Ig light chain kappa J 
responding to NCBI m37 for the mouse C57BL / 6J strain , regions upstream of the host non - human mammal 
e . g . April 2007 ENSEMBL Release 55 . 37h , e . g . NCB137 kappa constant region and / or one or more human Ig 
July 2007 ( NCBI build 37 ) ( e . g . UCSC version mmg see 65 light chain lambda V regions and one or more human 
World Wide Web ( www ) genome . ucsc . edu and World Wide Ig light chain lambda J regions upstream of the host 
Web ( www ) genome . ucsc . edu / FAQ / FAQreleases . html ) non - human mammal lambda constant region . 

bodies . 
60 
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In one aspect the invention relates to a non - human mam kappa constant region and / or one or more human Ig 
malian cell whose genome comprises light chain lambda V regions and one or more human 

( a ) a plurality of human Ig light chain kappa V regions and Ig light chain lambda J regions upstream of the host 
one or more human Ig light chain kappa J regions non - human mammal lambda constant region ; 
upstream of the host non - human mammal kappa con 5 wherein the non - human mammal is able to produce a 
stant region and / or a plurality of human Ig light chain repertoire of chimaeric antibodies or antibody chains having 
lambda V regions and one or more human Ig light chain a non - human mammal constant region and a human variable 
lambda J regions upstream of the host non - human region . 
mammal lambda constant region ; and In a further aspect the invention relates to a non - human 

( b ) optionally one or more human IgH V regions , one or 10 mammal whose genome comprises : 
more human D regions and one or more human J ( a ) a plurality of human Ig light chain kappa V regions and 
regions upstream of the host non - human mammal con one or more human Ig light chain kappa J regions 
stant region ; upstream of the host non - human mammal kappa con 

In a further aspect the invention relates to a method for stant region and / or a plurality of human Ig light chain 
producing a non - human cell or mammal comprising insert - 15 lambda V regions and one or more human Ig light chain 
ing into a non - human mammal cell genome , such as an ES lambda J regions upstream of the host non - human 
cell genome ; mammal lambda constant region ; and 

( a ) a plurality of human IgH V regions , one or more ( b ) optionally one or more human IgH V regions , one or 
human D regions and one or more human J regions more human D regions and one or more human J 
upstream of the host non - human mammal constant 20 regions upstream of the host non - human mammal con 
region ; and stant ; 

( b ) optionally one or more human Ig light chain kappa V wherein the non - human mammal is able to produce a 
regions and one or more human Ig light chain kappa J repertoire of chimaeric antibodies having a non - human 
regions upstream of the host non - human mammal mammal constant region and a human variable region . 
kappa constant region and / or one or more human Ig 25 Optionally the non - human mammal genome is modified 
light chain lambda V regions and one or more human to prevent expression of fully host - species specific antibod 
Ig light chain lambda J regions upstream of the host ies . 
non - human mammal lambda constant region ; respec In one aspect the inserted human DNA comprises at least 
tively , the insertion being such that the non - human cell 50 % of the human heavy chain variable ( V ) genes , such as 
or mammal is able to produce a repertoire of chimaeric 30 at least 60 % , at least 70 % , at least 80 % , at least 90 % , and in 
antibodies having a non - human mammal constant one aspect all of the human V genes . 
region and a human variable region , wherein steps ( a ) In one aspect the inserted human DNA comprises at least 
and ( b ) can be carried out in either order and each of 50 % of the human heavy chain diversity ( D ) genes , such as 
steps ( a ) and ( b ) can be carried out in a stepwise manner at least 60 % , at least 70 % , at least 80 % , at least 90 % , and in 
or as a single step . Insertion may be by homologous 35 one aspect all of the human D genes . 
recombination . In one aspect the inserted human DNA comprises at least 

In a further aspect the invention relates to a method for 50 % of the human heavy chain joining ( I ) genes , such as at 
producing an antibody or antibody chain specific to a desired least 60 % , at least 70 % , at least 80 % , at least 90 % , and in 
antigen the method comprising immunizing a transgenic one aspect all of the human J genes . 
non - human mammal as disclosed herein with the desired 40 In one aspect the inserted human DNA comprises at least 
antigen and recovering the antibody or antibody chain . 50 % of the human light chain Variable ( V ) genes , such as at 

In a further aspect the invention relates to a method for least 60 % , at least 70 % , at least 80 % , at least 90 % , and in 
producing a fully humanised antibody comprising immuniz - one aspect all of the human light chain V genes . 
ing a transgenic non - human mammal as disclosed herein In one aspect the inserted human DNA comprises at least 
with the desired antigen , recovering the antibody or cells 45 50 % of the human light chain joining ( J ) genes , such as at 
producing the antibody and then replacing the non - human least 60 % , at least 70 % , at least 80 % , at least 90 % , and in 
mammal constant region with a human constant region , for one aspect all of the human light chain J genes . 
example by protein or DNA engineering . The inserted human genes may be derived from the same 

In a further aspect the invention relates to humanised individual or different individuals , or be synthetic or repre 
antibodies and antibody chains produced according to the 50 sent human consensus sequences . 
present invention , both in chimaeric ( for example , mouse - Although the number of V D and J regions is variable 
human ) and fully humanised form , as well as fragments and between human individuals , in one aspect there are consid 
derivatives of said antibodies and chains , and use of said ered to be 51 human V genes , 27 D and 6 J genes on the 
antibodies , chains and fragments in medicine , including heavy chain , 40 human V genes and 5 J genes on the kappa 
diagnosis . 55 light chain and 29 human V genes and 4 J genes on the 

In a further aspect the invention relates to use of a lambda light chain ( Janeway and Travers , Immunobiology , 
non - human mammal as described herein as a model for the Third edition ) 
testing of drugs and vaccines . In one aspect the human heavy chain locus inserted into 

In one aspect the invention relates to a non - human mam - the non - human mammal contains the full repertoire of 
mal whose genome comprises : 60 human V , D and J regions , which in the genome is in 

( a ) a plurality of human IgH V regions , one or more functional arrangement with the non - human mammal con 
human D regions and one or more human J regions stant regions such that functional chimaeric antibodies can 
upstream of the host non - human mammal constant be produced between the human variable and non - human 
region ; and mammal constant regions . This total inserted human heavy 

( b ) optionally one or more human Ig light chain kappa V 65 chain genetic material is referred to herein as the human IgH 
regions and one or more human Ig light chain kappa J VDJ region , and comprises DNA from a human genome that 
regions upstream of the host non - human mammal encodes all the exons encoding human V , D and J portions 
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and suitably also the associated introns . Similarly , reference regions to form a chimaeric antibody or antibody chain in 
to the human Ig light chain kappa V and J regions herein vivo in the mammal . Thus , the inserted human DNA and 
refers to human DNA comprising all the exons encoding V host constant region are in functional arrangement with one 
and J regions and suitably also the associated introns of the another for antibody or antibody chain production . 
human genome . Reference to the human lg light chain 5 In one aspect the inserted human DNA is capable of being 
lambda V and J regions herein refers to human DNA expressed with different host constant regions through iso 
comprising all the exons encoding V and J regions and type switching . In one aspect isotype switching does not 
suitably also the associated introns of the human genome . require or involve trans switching . Insertion of the human 
Human variable regions are suitably inserted upstream of variable region DNA on the same chromosome as the 

a non - human mammal constant region , the latter comprising 10 relevant host constant region means that there is no need for 
all of the DNA required to encode the full constant region or trans - switching to produce isotype switching . 
a sufficient portion of the constant region to allow the As explained above , the transgenic loci used for the prior 
formation of an effective chimaeric antibody capable of art models were of human origin , thus even in those cases 
specifically recognising an antigen . when the transgenes were able to complement the mouse 

In one aspect the chimaeric antibodies or antibody chains 15 locus so that the mice produced B - cells producing fully 
have a part of a host constant region sufficient to provide one human antibodies , individual antibody affinities rarely 
or more effector functions seen in antibodies occurring reached those which could be obtained from intact ( non 
naturally in a host mammal , for example that they are able transgenic ) animals . The principal reason for this ( in addi 
interact with Fc receptors , and / or bind to complement . tion to repertoire and expression levels described above ) is 

Reference to a chimaeric antibody or antibody chain 20 the fact that the control elements of the locus are human . 
having a host non mammal constant region herein therefore Thus , the signalling components , for instance to activate 
is not limited to the complete constant region but also hyper - mutation and selection of high affinity antibodies are 
includes chimaeric antibodies or chains which have all of the compromised . 
host constant region , or a part thereof sufficient to provide In contrast , in the present invention , host non - human 
one or more effector functions . This also applies to non - 25 mammal constant regions are maintained and it is preferred 
human mammals and cells and methods of the invention in that at least one non - human mammal enhancer or other 
which human variable region DNA may be inserted into the control sequence , such as a switch region , is maintained in 
host genome such that it forms a chimaeric antibody chain functional arrangement with the non - human mammal con 
with all or part of a host constant region . In one aspect the stant region , such that the effect of the enhancer or other 
whole of a host constant region is operably linked to human 30 control sequence , as seen in the host mammal , is exerted in 
variable region DNA . whole or in part in the transgenic animal . 

The host non - human mammal constant region herein is This approach above is designed to allow the full diversity 
preferably the endogenous host wild - type constant region of the human locus to be sampled , to allow the same high 
located at the wild type locus , as appropriate for the heavy expression levels that would be achieved by non - human 
or light chain . For example , the human heavy chain DNA is 35 mammal control sequences such as enhancers , and is such 
suitably inserted on mouse chromosome 12 , suitably adja - that signalling in the B - cell , for example isotype switching 
cent the mouse heavy chain constant region . using switch recombination sites , would still use non - human 

In one aspect the insertion of the human DNA , such as the mammal sequences . 
human VDJ region is targeted to the region between the J4 A mammal having such a genome would produce chima 
exon and the Cu locus in the mouse genome IgH locus , and 40 eric antibodies with human variable and non - human mam 
in one aspect is inserted between co - ordinates 114 , 667 , 090 mal constant regions , but these could be readily humanized , 
and 114 , 665 , 190 , or at co - ordinate 114 , 667 , 091 , after 114 , for example in a cloning step . Moreover the in vivo efficacy 
667 , 090 . In one aspect the insertion of the human DNA , of these chimaeric antibodies could be assessed in these 
such as the human light chain kappa VJ is targeted into same animals . 
mouse chromosome 6 between co - ordinates 70 , 673 , 899 and 45 In one aspect the inserted human IgH VDJ region com 
70 , 675 , 515 , suitably at position 70 , 674 , 734 , or an equivalent prises , in germline configuration , all of the V , D and J 
position in the lambda mouse locus on chromosome 16 . regions and intervening sequences from a human . 

In one aspect the host non - human mammal constant In one aspect 800 - 1000 kb of the human IgH VDJ region 
region for forming the chimaeric antibody may be at a is inserted into the non - human mammal IgH locus , and in 
different ( non endogenous ) chromosomal locus . In this case 50 one aspect a 940 , 950 or 960 kb fragment is inserted . 
the inserted human DNA , such as the human variable VDJ Suitably this includes bases 105 , 400 , 051 to 106 , 368 , 585 
or VJ region ( s ) may then be inserted into the non - human from human chromosome 14 . 
genome at a site which is distinct from that of the naturally In one aspect the inserted IgH human fragment consists of 
occurring heavy or light constant region . The native constant bases 105 , 400 , 051 to 106 , 368 , 585 from chromosome 14 . In 
region may be inserted into the genome , or duplicated within 55 one aspect the inserted human heavy chain DNA , such as 
the genome , at a different chromosomal locus to the native DNA consisting of bases 105 , 400 , 051 to 106 , 368 , 585 from 
position , such that it is in a functional arrangement with the chromosome 14 , is inserted into mouse chromosome 12 
human variable region such that chimaeric antibodies of the between the end of the mouse J4 region and the Eu region , 
invention can still be produced . suitably between co - ordinates 114 , 667 , 090 and 114 , 665 , 

In one aspect the human DNA is inserted at the endog - 60 190 , or at co - ordinate 114 , 667 , 091 , after 114 , 667 , 090 . In one 
enous host wild - type constant region located at the wild type aspect the insertion is between co - ordinates 114 , 667 , 089 and 
locus between the host constant region and the host VDJ 114 , 667 , 090 ( co - ordinates refer to NCBI m37 , for the mouse 
region . C57BL / 6J strain ) , or at equivalent position in another non 

Reference to location of the variable region upstream of human mammal genome . 
the non - human mammal constant region means that there is 65 In one aspect the inserted human kappa VJ region com 
a suitable relative location of the two antibody portions , prises , in germline configuration , all of the V and J regions 
variable and constant , to allow the variable and constant and intervening sequences from a human . Suitably this 
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includes bases 88 , 940 , 356 to 89 , 857 , 000 from human chro - human sequence or database ) , such as an insertion of these 
mosome 2 , suitably approximately 917 kb . In a further 2 discrete fragments without the intervening sequence , or an 
aspect the light chain VJ insert may comprise only the insertion of the complete 89 , 159 , 079 - 90 , 266 , 976 region . 
proximal clusters of V segments and J segments . Such an The insertion may comprise , or consist , of : 
insert would be of approximately 473 kb . In one aspect the 5 ( i ) nucleotides 89 , 158 , 979 - 89 , 630 , 537 , such as 89 , 159 , 
human light chain kappa DNA , such as the human IgK 029 - 89 , 630 , 487 , such as 89 , 159 , 069 - 89 , 630 , 447 , such 
fragment of bases 88 , 940 , 356 to 89 , 857 , 000 from human as 89 , 159 , 079 - 89 , 630 , 437 , optionally in addition to 
chromosome 2 , is suitably inserted into mouse chromosome fragment ( ii ) below 
6 between co - ordinates 70 , 673 , 899 and 70 , 675 , 515 , suitably ( ii ) nucleotides 89 , 941 , 614 - 90 , 267 , 076 , such as 89 , 941 , 
at position 70 , 674 , 734 . These co - ordinates refer to NCB136 10 664 - 90 , 267 , 026 , such as 89 , 941 , 704 - 90 , 266 , 986 , such 
for the human genome , ENSEMBL Release 54 and as 89 , 941 , 714 - 90 , 266 , 976 ; optionally in addition to 
NCBIM37 for the mouse genome , relating to mouse strain fragment ( 1 ) 
C57BL / 6J . ( iii ) nucleotides 89 , 158 , 979 - 90 , 267 , 076 , such as nucleo 

In one aspect the human lambda VJ region comprises , in tides 89 , 159 , 079 - 90 , 266 , 976 . 
germline configuration , all of the V and regions and 15 The human insertion may be made between the regions 
intervening sequences from a human . indicated above . 

Suitably this includes analogous bases to those selected In an embodiment , a cell or mammal of the invention 
for the kappa fragment , from human chromosome 2 . comprises an insertion of a human lambda region which 

A cell or non - human mammal of the invention , in one comprises at least one human Ji region ( eg , a germline 
embodiment , comprises an insertion of human heavy chain 20 region ) and at least one human Ca region ( eg , a germline 
variable region DNA between co - ordinates 114 , 666 , 183 region ) , optionally C26 and / or C27 . For example , the cell or 
and 114 , 666 , 725 , such as between 114 666 283 and 114 666 mammal comprises a plurality of human Ja regions , option 
625 , optionally between co - ordinates 114 , 666 , 335 and 114 , ally two or more of J1 , Ja2 , 6 and J7 , optionally all of 
666 , 536 , optionally between 114 , 666 , 385 and 114 , 666 , 486 , J . 1 , J2 , J , 6 and J . 7 . In an example , the cell or mammal 
or between 114 , 666 , 425 and 114 , 666 , 446 , or between 114 , 25 comprises at least one human J . - C , cluster , optionally at 
666 , 435 and 114 , 666 , 436 of mouse chromosome 12 with least J7 - C27 . 
reference to NCBIM37 for the mouse genome , relating to In one aspect the human JC cluster is inserted 3 ' of the last 
mouse strain C57BL / 6J or an equivalent position of mouse endogenous J lambda or is inserted 3 ' of the last endogenous 
chromosome 12 from a different mouse strain or an equiva - J kappa region , suitably immediately 3 ' of these sequences , 
lent position in the genome of another non - human verte - 30 or substantially immediately 3 ' of these sequences . 
brate , e . g . , a rat . The insertion between co - ordinates 114 , In one aspect the insertion into the mouse lambda locus is 
666 , 435 and 114 , 666 , 436 relating to mouse strain C57BL / 6J made downstream of the endogenous C1 gene segment , for 
is equivalent to an insertion between co - ordinates 1207826 example where there is a 3 ' J1C1 cluster , suitably immedi 
and 1207827 on chromosome 12 with reference to the ately 3 ' of the C1 segment , or substantially immediately 3 ' of 
129 / SvJ genomic sequence of the GenBank® access number 35 the segment . 
NT114985 . 2 . An insertion may be made at equivalent posi - In one aspect ( e . g . cell or non - human mammal ) a human 
tion in another genome , such as another mouse genome . In JC cluster is inserted into a kappa locus and any resulting 
an example of this embodiment , the cell or mammal of the cell or animal is heterozygous at that locus , such that the cell 
invention comprises a human IgH VDJ region which com - has one chromosome with human lambda DNA inserted into 
prises or consists of nucleotides 106 , 328 , 851 - 107 , 268 , 544 , 40 the kappa locus , and another chromosome with human 
such as nucleotides 106 , 328 , 901 - 107 , 268 , 494 , such as kappa DNA at the endogenous kappa locus . 
nucleotides 106 , 328 , 941 - 107 , 268 , 454 , such as nucleotides In an embodiment , a cell or mammal of the invention 
106 , 328 , 951 - 107 , 268 , 444 of human Chromosome 14 , with comprises a human E2 enhancer . 
reference to the GRCH37 / hg19 sequence database , or inser - A cell or mammal may of the invention comprise an 
tion of equivalent nucleotides relating to chromosome 14 45 inserted human lambda VJ region , suitably comprising or 
from a different human sequence or database . The human consisting of , in germline configuration , all of the V and J 
insertion may be made between the regions indicated above . regions and intervening sequences from a human , the 

A cell or mammal of the invention , in one embodiment , inserted region comprises or consisting of nucleotides 
comprises an insertion of the human kappa VJ region , 22 , 375 , 509 - 23 , 327 , 984 , such as nucleotides 22 , 375 , 559 - 23 , 
suitably comprising or consisting of , in germline configu - 50 327 , 934 , such as nucleotides 22 , 375 , 599 - 23 , 327 , 894 , such 
ration , all of the V and J regions and intervening sequences as nucleotides 22 , 375 , 609 - 23 , 327 , 884 from human Chro 
from a human , the insertion of the human DNA being made mosome 22 , with reference to the GRCH37 / hg19 sequence 
between co - ordinates 70 , 673 , 918 - 70 , 675 , 517 , such as database , or equivalent DNA from another human sequence 
between co - ordinates 70 , 674 , 418 and 70 675 , 017 , such as or database . The insertion into the mouse genome may be 
between co - ordinates 70 , 674 , 655 - 70 , 674 , 856 , such as 55 made between co - ordinates 19 , 027 , 763 and 19 , 061 , 845 , 
between co - ordinates 70 , 674 , 705 - 70 , 674 , 906 , such as such as between co - ordinates 19 , 037 , 763 and 19 , 051 , 845 , 
between co - ordinates 70 , 674 , 745 - 70 , 674 , 766 , such as such as between co - ordinates 19 , 047 , 451 and 19 , 047 , 652 , 
between co - ordinates 70 , 674 , 755 and 70 , 674 , 756 of mouse such as between co - ordinates 19 , 047 , 491 and 19 , 047 , 602 , 
chromosome 6 , numbering with reference to NCBIM37 for such as between co - ordinates 19 , 047 , 541 and 19 , 047 , 562 , 
the mouse genome , relating to mouse strain C57BL / 6J , or an 60 such as between co - ordinates 19 , 047 , 551 and 19 , 047 , 552 of 
insertion at an equivalent position in another genome , such mouse Chromosome 16 ( with reference to NCBIM37 for the 
as another mouse genome . In an example of this embodi - mouse genome , relating to mouse strain C57BL / 6J , equiva 
ment , a cell or mammal of the invention comprises an lent to co - ordinates 1 , 293 , 646 - 1 , 293 , 647 of the 129 SVJ 
insertion of nucleotides 89 , 159 , 079 - 89 , 630 , 437 and / or genomic sequence in the sequence file of NT _ 039630 . 4 ) , or 
89 , 941 , 714 - 90 , 266 , 976 of human chromosome 2 with ref - 65 may be an insertion at an equivalent position in other 
erence to the GRCH37 / hg19 sequence database ( or equiva - genome , such as another mouse genome . The insertion of the 
lent nucleotides relating to chromosome 2 from a different human lambda nucleic acid into the mouse genome may 
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alternatively be made between co - ordinates 70 , 673 , 918 and replace , one , 2 , 3 , 4 , or more or all of the human J exons in 
70 , 675 , 517 , such as between co - ordinates 70 , 674 , 418 and the VDJ VJ region of the cells and animals of the invention . 
70 675 , 017 , such as between co - ordinates 70 , 674 , 655 and In a further aspect the inserted human DNA , such as the 
70 , 674 , 856 , such as between co - ordinates 70 , 674 , 705 and human IgH VDJ region , and / or light chain VJ regions , may 
70 . 674 . 806 , such as between co - ordinates 70 , 674 , 745 and 5 be inserted such that they are operably linked in the genome 
70 , 674 , 766 , such as between co - ordinates 70 . 674 . 755 and with a mu constant region from a non - human , non - mouse 
70 . 674 . 756 of mouse Chromosome 6 ( with reference to species , such as a rodent or primate sequence , such as a rat 
NCBIM37 for the mouse genome , relating to mouse strain sequence . 
C57BL / 6J ) or equivalent in another genome . The human Other non - human , non - mouse species from which DNA 
insertion may be made between the regions indicated above . 10 elements may be used in the present invention include 

All specific human fragments described above may vary rabbits , lamas , dromedary , alpacas , camels and sharks . 
In one aspect the inserted human DNA , such as the human in length , and may for example be longer or shorter than VDJ or VJ region , is not operably linked to the endogenous 

defined as above , such as 500 bases , 1 KB , 2K , 3K , 4K , 5 host mu sequence but rather to a non - host mu sequence . 
KB , 10 KB , 20 KB , 30 KB , 40 KB or 50 KB or more , which 15 or more , which 15 Operable linkage suitably allows production of an anti 
suitably comprise all or part of the human V ( D ) J region , body heavy or light chain comprising the human variable 
whilst preferably retaining the requirement for the final region . 
insert to comprise human genetic material encoding the In one aspect the inserted human DNA , such as the human 
complete heavy chain region and light chain region , as IgH VDJ region ( and / or light chain VJ regions ) may be 
appropriate , as described above . 20 inserted into the host chromosome together with mu con 

In one aspect the 5 ' end of the human insert described stant region nucleic acid which is not host mu constant 
above is increased in length . Where the insert is generated in region nucleic acid , and preferably is a mu constant region 
a stepwise fashion then the increase in length is generally in from a non - mouse , non - human species . Suitably the inserted 
respect of the upstream ( 5 ' ) clone . human DNA , such as the human VDJ region ( and / or light 

In one aspect the 3 ' end of the last inserted human gene , 25 chain VJ regions ) is operably linked to a non - human , 
generally the last human J gene to be inserted is less than 2 non - mouse mu , and is able to form a chimaeric antibody 
kb , preferably less than 1 KB from the human - mouse join heavy or light chain . In another aspect a non - mouse , non 
region . human mu may be inserted into the host chromosome on a 

In one aspect the non - human mammal comprises some or separate genetic element to that of the human variable 
all of the human light chain kappa VJ region as disclosed 30 region , or at a different location in the genome , suitably 
herein but not the human light chain lambda VJ region . operably linked to the variable region such that a chimaeric 

In one aspect the cell or non - human mammal comprises antibody heavy or light can be formed . 
a fully human lambda locus ( lambda VJC regions from a In an additional aspect the invention relates to a non 
human ) , a chimaeric kappa locus ( human kappa VJ regions human mammal or a cell whose genome comprises a plu 
operatively linked to a host kappa constant region ) and a 35 rality of human IgH V regions , one or more human D 
chimaeric heavy chain locus , having a human VDJ region regions and one or more human J regions upstream of a host 
operatively linked to a host heavy chain constant region . non - human mammal light chain constant region , arranged 

In a further aspect the genome comprises an insertion of such that the cell or mammal is able to express a chimaeric 
V , D ( heavy chain only ) and I genes as described herein at antibody chain . The invention also relates to a non - human 
the heavy chain locus and one light chain locus , or at the 40 mammal or a cell whose genome additionally or alterna 
heavy chain locus and both light chain loci . Preferably the tively comprises a plurality of human Ig light chain V 
genome is homozygous at one , or both , or all three loci . regions , and one or more human J regions upstream of a host 

In another aspect the genome may be heterozygous at one non - human mammal heavy chain constant region , such that 
or more of the loci , such as heterozygous for DNA encoding the cell or mammal is able to express a chimaeric antibody 
a chimaeric antibody chain and native ( host cell ) antibody 45 chain . The cell or mammal may be able to express an 
chain . In one aspect the genome may be heterozygous for antibody having both heavy and light chains , including at 
DNA capable of encoding 2 different antibody chains of the least one chimaeric antibody chain , as disclosed above . 
invention , for example , comprising 2 different chimaeric The inserted human heavy chain variable regions may be 
heavy chains or 2 different chimaeric light chains . any of those described herein , and may be inserted at the 

In one aspect the invention relates to a non - human mam - 50 positions described above for insertion 5 ' of the lambda and 
mal or cell , and methods for producing said mammal or cell , kappa constant regions . Likewise the inserted human light 
as described herein , wherein the inserted human DNA , such chain variable regions may be those described above , and 
as the human IgH VDJ region and / or light chain V , J regions may be inserted at the positions described above for inser 
are found on only one allele and not both alleles in the tion 5 ' of the heavy chain constant region . 
mammal or cell . In this aspect a mammal or cell has the 55 For example , the genome or the cell or non - human 
potential to express both an endogenous host antibody heavy mammal of the invention may encode an antibody compris 
or light chain and a chimaeric heavy or light chain . ing an antibody chain having a human heavy chain variable 

In a further aspect of the invention the human VDJ region , region upstream of a mouse light chain constant region , or 
or light chain VJ region , is not used in its entirety , but parts an antibody chain having a human light chain variable 
of the equivalent human VDJ or VJ region , such as the 60 region upstream of a mouse heavy chain constant region , in 
exons , from other species may be used , such as one or more combination with one of : 
V , D , or J exons from other species , or regulatory sequences a fully human antibody light chain ; 
from other species . In one aspect the sequences used in place a fully human antibody heavy chain ; 
of the human sequences are not human or mouse . In one a non - human vertebrate ( e . g . , mouse or rat ) antibody light 
aspect the sequences used may be from rodent , or , primate 65 chain ; 
such as chimp . For example , 1 , 2 , 3 , 4 , or more , or all of the a non - human vertebrate ( e . g . , mouse or rat ) antibody 
J regions from a primate other than a human may be used to heavy chain ; 
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a chimaeric non - human vertebrate ( e . g . , mouse or rat ) DNA , or part thereof , is inserted immediately upstream or 
human antibody chain ; downstream of the mouse kappa VJC region . In one aspect , 

an antibody chain having a human heavy chain variable the human light chain lambda VJC region or part thereof is 
region upstream of a non - human vertebrate ( e . g . , inserted immediately upstream or downstream of the mouse 
mouse or rat ) light chain constant region ; 5 lambda VJC region . In one aspect only the human kappa 

an antibody chain having a human light chain variable VJC locus is inserted and not the human lambda VJC locus . 
region upstream of a non - human vertebrate ( e . g . , In one aspect only the human lambda VJC locus is inserted 
mouse or rat ) heavy chain constant region . and not the human kappa VJC locus . Insertions may be made 

The invention also relates to a transgene encoding a using the techniques disclosed herein , and suitably do not 
plurality of human IgH V regions , one or more human D 10 remove the host sequences from the genome . In one aspect 
regions and one or more human J regions upstream of a host the non - human mammal host VIC sequences may be inac 
non - human mammal light chain constant region , optionally tivated in some way , by mutation , or inversion , or by 
comprised within a vector . insertion of the human variable region DNA , or by any other 

The invention also relates to a transgene encoding a means . In one aspect the cell or non - human mammal of the 
plurality of human Ig light chain V regions , and one or more 15 invention may comprise an insertion of the complete VJC 
human light chain J regions upstream of a host non - human human region . 
mammal heavy chain constant region , optionally comprised The human kappa variable region DNA might be inserted 
within a vector . into the genome in functional arrangement with a lambda 

In one aspect the invention relates to a cell , or non - human constant region , for example inserted upstream of a lambda 
mammal , the genome of which comprises : one or more 20 constant region . Alternatively human lambda region variable 
human Ig light chain kappa V regions and one or more DNA might be inserted in functional arrangement with a 
human lg light chain kappa J regions upstream of all or part kappa constant region , for example inserted upstream of a 
of the human kappa constant region . kappa constant region . 

In another aspect the invention relates to a cell , or In one aspect one or more non - human mammal control 
non - human mammal , the genome of which comprises : one 25 sequences such as the enhancer sequence ( s ) is maintained 
or more human Ig light chain lambda V regions and one or upstream of the nonhuman mammal Mu constant region , 
more human Ig light chain lambda J regions upstream of all suitably in its native position with respect to the distance 
or part of the human lambda constant region . from the constant region . 

Suitably the light chain VJ and C regions are able to form In one aspect one or more non - human mammal control 
antibody chains in vivo capable of specifically reacting with 30 sequences such as an enhancer sequence ( s ) are maintained 
an antigen . downstream of the nonhuman mammal Mu constant region , 

In one aspect of the invention there is no non - human suitably in its native position with respect to the distance 
coding sequence in the inserted light chain region . from the constant region . 

In such aspects a human kappa and / or lambda region is In one aspect a non - human mammal switch sequence , 
inserted into the genome , in combination with insertion of 35 suitably the endogenous switch sequence , is maintained 
the heavy chain VDJ region or part thereof , upstream of the upstream of the non - human mammal Mu constant region , 
host heavy chain constant region as disclosed herein . suitably in its native position with respect to distance from 

The cell or non - human mammal of the invention may the constant region . 
comprise : In such location the host enhancer or switch sequences are 

( a ) a plurality of human IgH V regions , one or more 40 operative in vivo with the host constant region sequence ( s ) . 
human D regions and one or more human J regions In one aspect a switch sequence is neither human , nor 
upstream of the host non - human mammal constant native in the non - human mammal , for example in one aspect 
region ; and a non - human mammal switch sequence is not a mouse or 

( b ) one or more human Ig light chain kappa V regions and human switch sequence . The switch sequence may be , for 
one or more human Ig light chain kappa J regions 45 example , a rodent or primate sequence , or a synthetic 
upstream of all or part of the non - human kappa con - sequence . In particular the switch sequence may be a rat 
stant region , wherein the non - human mammal is able to sequence where the non - human mammal is a mouse . By way 
produce a repertoire of antibodies having an antibody of example , a mouse or human constant mu sequence may 
chain comprising non - human mammal constant region be placed under the control of a switch sequence from a rat , 
and a human variable region . 50 or chimp , or other switch sequence , suitably capable of 

The cell or non - human mammal of the invention may allowing isotype switching to occur in vivo . 
comprise In one aspect the switch sequence of the invention is a 

( a ) a plurality of human IgH V regions , one or more switch sequence comprising 3 , 4 , 5 , 6 or more ( up to 82 ) 
human D regions and one or more human J regions contiguous repeats of the repeat sequence GGGCT ( SEQ ID 
upstream of the host non - human mammal constant 55 no 46 - 50 ) , such as a rat switch sequence . By " rat switch ” 
region ; and herein it is meant that the switch is a wild - type switch 

one or more human Ig light chain lambda V regions and corresponding to a switch from a rat genome or derived from 
one or more human Ig light chain lambda J regions such a switch . 
upstream of the host non - human mammal lambda con - In one aspect the switch sequence of the invention is a rat 
stant region ; 60 switch sequence comprising the following repeats : GAGCT 

wherein the non - human mammal is able to produce a ( 296 repeats ; SEQ ID No 18 ) , GGGGT ( 50 repeats ; SEQ ID 
repertoire of antibodies having an antibody chain compris - No 19 ) , and GGGCT ( 83 repeats ; SEQ ID No 20 ) . 
ing a non - human mammal constant region and a human In one example the rat switch sequence comprises or 
variable region . consists of the sequence of SEQ ID no 1 . 

Suitably the insertion of the human VJC light chain DNA , 65 In these embodiments , and where the non - human mam 
or part thereof as disclosed above , is made at the equivalent mal is a mouse or the cell is a mouse cell , the switch is 
mouse locus . In one aspect the human light chain kappa VJC optionally a rat switch as described herein . 

?? 



US 9 , 938 , 358 B2 
13 14 

Alternatively , the switch sequence present in cells or The functional replacement of human promoter or other 
mammal of the invention is a mouse switch , eg , is from a control regions by non - human mammal promoter or control 
mouse such as a mouse 129 strain or mouse C57 strain , or regions may be carried out by use of recombineering , or 
from a strain derived therefrom , optionally comprising or other recombinant DNA technologies , to insert a part of the 
consisting of the sequence of SEQ ID no 4 or 5 . By " mouse 5 human Ig region ( such as a human V region into a vector 
switch ” herein it is meant that the switch is a wild - type ( such as a BAC ) containing a non - human Ig region . The 
switch corresponding to a switch from a mouse genome or recombineering / recombinant technique suitably replaces a 
derived from such a switch . In this embodiment , and where portion of the non - human ( e . g . mouse ) DNA with the human 
the non - human mammal is a mouse or the cell is a mouse Ig region , and thus places the human Ig region under control 
cell , the mouse switch sequence is optionally the endog - 10 of the non - human mammal promoter or other control region . 
enous switch or is a mouse switch from another mouse Suitably the human coding region for a human V region 
strain . replaces a mouse V region coding sequence . Suitably the 

The cell or mammal of the invention may therefore human coding region for a human Dregion replaces a mouse 
comprise a human or non - human mammal switch sequence D region coding sequence . Suitably the human coding 
and a human or non - human mammal enhancer region or 15 region for a human J region replaces a mouse J region 
regions . They may be upstream of a human or non - human coding sequence . In this way human V , D or J regions may 
mammal constant region . Preferably the control sequences be placed under the control of a non - human mammal 
are able to direct expression or otherwise control the pro promoter , such as a mouse promoter . 
duction of antibodies comprising a constant region with In one aspect the only human DNA inserted into the 
which they are associated . One combination envisaged is a 20 non - human mammalian cell or animal are V , D or J coding 
rat switch with mouse enhancer sequences and mouse con - regions , and these are placed under control of the host 
stant regions in a mouse cell . regulatory sequences or other ( non - human , non - host ) 

In one aspect the invention relates to a cell , preferably a sequences , In one aspect reference to human coding regions 
non - human cell , or non - human mammal comprising an includes both human introns and exons , or in another aspect 
immunoglobulin heavy chain or light chain locus having 25 simply exons and no introns , which may be in the form of 
DNA from 3 or more species . For example , the cell or cDNA . 
animal may comprise host cell constant region DNA , one or It is also possible to use recombineering , or other recom 
more human V , D or J coding sequences and one or more binant DNA technologies , to insert a non - human - mammal 
non - human , non - host DNA regions that are able to control ( e . g . mouse ) promoter or other control region , such as a 
a region of the immunoglobulin locus , such as a switch 30 promoter for a V region , into a BAC containing a human lg 
sequence , promoter or enhancer which are able to control region . A recombineering step then places a portion of 
expression or isotype switching in vivo of the Ig DNA . In human DNA under control of the mouse promoter or other 
one aspect the cell or animal is a mouse and comprises control region . 
additionally human DNA from the human Ig locus and The approaches described herein may also be used to 
additionally a non - mouse DNA sequence , such as a rat DNA 35 insert some or all of the V , D and J regions from the human 
sequence , capable of regulation of the mouse or human heavy chain upstream of a light chain constant region , rather 
DNA . than upstream of the heavy chain constant region . Likewise 

In another aspect the invention relates to a cell , preferably some or all of the human light chain V and J regions may be 
non - human cell , or non - human mammal comprising an inserted upstream of the heavy chain constant region . Inser 
immunoglobulin heavy chain or light chain locus having 40 tion may be at the endogenous constant region locus , for 
DNA from 2 or more different human genomes . For example between the endogenous constant and J region , and 
example , it could comprise heavy chain V ( D ) J sequences may be of some , or all , of the V , D or I genes alone , 
from more than one human genome within a heavy or light excluding promoter or enhancer sequences , or may be of 
chain , or heavy chain VDJ DNA from one genome and light some , or all , of the V , D or J genes with one or more or all 
chain VJ sequences from a different genome . 45 respective promoter or enhancer sequences . In one aspect 

In one aspect the invention relates to a DNA fragment or the full repertoire of V , D or J fragments in germline 
cell or non - human mammal comprising an immunoglobulin orientation may be inserted upstream and in functional 
heavy chain or light chain locus , or part thereof , having arrangement with a host constant region . 
DNA from 2 or more species , where one species contributes Thus the present invention allows V and / or D and / or J 
a non - coding region such as a regulatory region , and the 50 regions from a human , or any species , to be inserted into a 
other species coding regions such as V , D , J or constant chromosome of a cell from a different species that comprises 
regions . a constant region , allowing a chimaeric antibody chain to be 

In one aspect the human promoter and / or other control expressed . 
elements that are associated with the different human V , D In one aspect the invention requires only that some human 
or J regions are maintained after insertion of the human VDJ 55 variable region DNA is inserted into the genome of a 
into the mouse genome . non - human mammal in operable arrangement with some , or 

In a further aspect one or more of the promoter elements , all , of the human heavy chain constant region at the region 
or other control elements , of the human regions , such as the of the endogenous heavy chain constant region locus such 
human V regions , are optimised to interact with the tran - that an antibody chain can be produced . In this aspect of the 
scriptional machinery of a non - human mammal . 60 invention and where human light chain DNA is additionally 

Suitably a human coding sequence may be placed under inserted , the light chain DNA insertion can be in the form of 
the control of an appropriate non - human mammal promoter , a completely human construct , having both human variable 
which allows the human DNA to be transcribed efficiently in DNA and human constant region DNA , or have human 
the appropriate non - human animal cell . In one aspect the variable region DNA and constant region DNA from a 
human region is a human V region coding sequence , and a 65 non - human , non - host species . Other variations are also 
human V region is placed under the control of a non - human possible , such as insertion of both of the light chain human 
mammal promoter . variable region and host genome constant region . In addition 
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the insertion of said light chain transgenes need not be at the endogenous heavy region . Any human heavy chain or light 
equivalent endogenous locus , but may be anywhere in the chain DNA construct contemplated above can be inserted 
genome . In such a scenario the cell or mammal may produce into any desired position into the genome of a non - human 
chimaeric heavy chains ( comprising human variable region host cell using the techniques described herein . The present 
DNA and mouse constant region DNA ) and light chains 5 invention thus also relates to cells and mammals having 
comprising human variable and human constant region genomes comprising such insertions . 
DNA . Thus in one aspect of the invention the lambda and or The invention also relates to a vector , such as a BAC , 
kappa human variable region DNA can be inserted upstream comprising a human V , D or J region in a functional 
of the endogenous locus , or downstream , or indeed on a arrangement with a non - human mammal promoter , or other 
different chromosome to the endogenous locus , and inserted 10 control sequence , such that the expression of the human V , 
with or without constant region DNA . Dor J region is under the control of the non - human mammal 

As well insertion of human light chain DNA upstream of promoter in a cell of the non - human mammal , such as an ES 
the host non - human mammal constant region , a further cell , in particular once inserted into the genome of that cell . 
aspect of the invention relates to insertion of one or both The invention also relates to cells and non - human mam 
light chain human variable regions downstream of the 15 mals containing said cells , which cells or mammals have a 
equivalent endogenous locus constant region , or elsewhere human V , D or J region in a functional arrangement with a 
in the genome . non - human mammal promoter , or other control sequence , 
Generally , insertion of human variable region DNA at or such that the expression of the human V , D or J region is 

close to the equivalent endogenous locus in the recipient under the control of the non - human mammal promoter in the 
genome is preferred , for example within 1 , 2 , 3 , 4 , 5 , 6 , 7 , 20 cells or mammal . 
8 , 9 , or 10 kb of the boundary ( upstream or downstream ) of Generally , one aspect of the invention thus relates to a 
a host immunoglobulin locus . non - human mammal host cell capable of expression of a 

Thus in one aspect the invention can relate to a cell or human V , D or I coding sequence under the control of a host 
non - human mammal whose genome comprises : promoter or control region , the expression capable of pro 

( a ) a plurality of human IgH V regions , one or more 25 ducing a humanised antibody having a human variable 
human D regions and one or more human J regions domain and non - human mammal constant region . 
upstream of the host non - human mammal constant In one aspect the invention relates to a cell , such as a non 
region ; and mammalian cell , such as an ES cell , the genome of which 

( b ) one or more human Ig light chain kappa V regions and comprises 
one or more human lg light chain kappa J regions , 30 ( a ) a plurality of human IgH V regions , one or more 
and / or , one or more human Ig light chain lambda V human D regions and one or more human J regions 
regions and one or more human Ig light chain lambda upstream of the host non - human mammal constant 
J regions ; region ; and 

wherein the non - human mammal is able to produce a ( b ) optionally one or more human Ig light chain kappa V 
repertoire of chimaeric antibodies , or chimaeric light or 35 regions and one or more human Ig light chain kappa J 
heavy chains , having a non - human mammal constant region regions upstream of the host non - human mammal 
and a human variable region . kappa constant region and / or one or more human Ig 

In one particular aspect the genome of the cell or non light chain lambda V regions and one or more human 
human mammal comprises : Ig light chain lambda J regions upstream of the host 

a plurality of human IgH V regions , one or more human 40 non - human mammal lambda constant region ; 
D regions and one or more human J regions upstream In another aspect the invention relates to a cell , such as a 
of the host non - human mammal constant region ; non - human mammal cells , such as ES cells whose genome 

one or more human Ig light chain kappa V regions and one comprises 
or more human Ig light chain kappa J regions upstream ( a ) a plurality of human Ig light chain kappa V regions and 
of the host non - human mammal kappa constant region , 45 one or more human Ig light chain kappa J regions 

upstream of the host non - human mammal kappa con 
one or more human Ig light chain lambda V regions and stant region and / or a plurality of human Ig light chain 

one or more human lg light chain lambda J regions lambda V regions and one or more human Ig light chain 
downstream of the host non - human mammal lambda lambda J regions upstream of the host non - human 
constant region , 50 50 mammal lambda constant region ; and 

optionally in which the human lambda variable region ( b ) optionally one or more human IgH V regions , one or 
may be inserted upstream or downstream of the endog more human D regions and one or more human J 
enous host lambda locus in operable linkage with a regions upstream of the host non - human mammal con 
human lambda constant region , such that the non stant region 
human mammal or cell can produce fully human anti - 55 In one aspect the cell is an ES cell is capable of devel 
body light chains and chimaeric heavy chains . oping into a non - human mammal able to produce a reper 

In a further , different , aspect of the invention , the use of toire of antibodies which are chimaeric , said chimaeric 
the methods of the invention allows a locus to be built up in antibodies having a non - human mammal constant region 
a stepwise manner by sequential insertions , and thus allows and a human variable region . Optionally the genome of the 
for the insertion of human variable DNA together with 60 cell is modified to prevent expression of fully host - species 
human or non - human constant region DNA at any suitable specific antibodies . 
location in the genome of a non - human host cell . For In one aspect the cell is an induced pluripotent stem cell 
example , methods of the invention can be used to insert ( iPS cell ) . 
human immunoglobulin variable region DNA together with In one aspect cells are isolated non - human mammalian 
constant region DNA from the host genome anywhere in the 65 cells . 
genome of a non - human host cell , allowing a chimaeric In one aspect a cell as disclosed herein is preferably a 
antibody chain to be produced from a site other than the non - human mammalian cell . 

and 




































































































































































































































